Some of our patients were referred to us directly as cases of meningitis. Often this was because the bacteriologist who examined the C.S.F. identified Gram-positive organisms and made it his business immediately to get in touch with the clinician in charge of the case and urge treatment with penicillin. The site of the primary focus of infection was often discovered only after careful assessment of the history and clinical and radiographic examinations. Others were first admitted to hospital, either at Oxford or elsewhere, for treatment of the nose or throat. In these the meningitis usually developed while they were under observation. In those cases where the meningitis followed a fracture through the sinuses, some of the patients were admitted to hospital on account of their head injurv, while in others the head injury preceded the meningitis by a variable interval and was only discovered by a study of the history.
From the practical point of view cases with this oetiology fall into three main groups: (1) Those in which no organisms are recovered from the C.S.F.; (2) those due to organisms which are either relatively or totally resistant to penicillin; (3) those due to infection by penicillin-sensitive organisms.
The first group includes those cases of relatively low-grade infection sometimes called "sterile" meningitis and also cases of intracranial abscess where bursts of mild meningitis develop during the course of the illness. These cases usually respond well to sulphonamides and unless an abscess is present no other form of, chemotherapy may be needed. The patients must, however, be carefully watched and their progress checked by repeated bacteriological examination of the C.S.F., since fluid which is at first sterile may later give a positive culture (Smith et al., 1946, Case I) . If the patient has received sulphadiazine before the lumbar puncture is done, cultures of the C.S.F. must be set up with para-aminobenzoic acid. They will otherwise probably be sterile when the true nature of the infection will be missed.
The second group is small but important. The predominating organisms are H.
influenzx and B. proteus. Fortunately these cases are not common as the mortality in this country has been high. Occasionally influenzal meningitis responds to heavy and prolonged dosage with sulphadiazine, while in America Alexander (1944) has achieved excellent results by the use of immune rabbit serum which is given in conjunction with sulphadiazine. Recently cases have been reported in which the infection has been controlled by intrathecal penicillin (Forgacs, Hutchinson and Rewell, 1945; Straker, 1945) , and it appears that, at least with certain tvpes, the resistance of H. influenzx to penicillin is relative rather than absolute.
We have treated one case of otogenic influenzal meningitis.
CASE I.-R.I. 25486/44.
A baby of 8 months was one day noticed to have a thick purulent discharge coming from his right ear. He did not seem unwell at that time but five days later the left ear also began to discharge. Eight days late,r he was admitted to the Ear, Nose and Throat Department of the Radcliffe Infirmary, and the following day a bilateral Schwartze mastoidectomy was performed. The right mastoid contained a fair amount of mucopus, but the left only showed some injection. Following operation the condition of his ears was uniformly satisfactory, but his temperature rose, and he was given sulphathiazole (3 grammes daily). For the next ten days his temperature was maintained at about 1020 F. without the development of any physical signs, but on the eleventh day he developed a squint and on the twelfth day was found to have considerable neck stiffness. A lumbar puncture revealed -a cloudy fluid but no organisms were seen on the direct film, and it was not until four days later that the organism grown on culture was identified as H. influenzce.
During these four days, treatment with intramuscular and intrathecal penicillin was given in view of the previous lack of improvement on sulphathiazole. There was no clinical improvement throughout this period.
When the organism was reported as insensitive to penicillin, sulphadiazine (3 grammes daily) was begun, and the penicillin discontinued. Thereafter the child slowly improved, but one attempt to reduce the dose of sulphadiazine, and another to discontinue the drug after three weeks, were quickly followed by clinical and bacteriological relapse.
Finally the child made a complete recovery after having received sulphadiazine for seven weeks. At no time were any signs of drug intolerance detected.
The third group is the largest and most important. The commonest organisms are pneumococci and streptococci, both haemolytic and anaerobic. Staphylococci are much rarer (Stewart, 1929; Weinstein, 1942) . The predominance of pneumococcal over streptococcal infections in our series may be due to the fact that we were making a special study of pneumococcal meningitis at the time when these cases were treated; on the other hand, before the days of effective chemotherapy, many cases of pneumococcal meningitis must have died before admission to hospital. Our experience is still very limited, especially with streptococcal and staphylococcal meningitis, but we will produce evidence that the nature of the organisms is of considerable practical importance. The bacteriology and aetiology of cases is shown in Table I . We have omitted those cases where the nature of the organisms was not proved by culture.
Except for meningococcal meningitis, which seldom requires treatment with penicillin, the treatment of meningitis due to penicillin-sensitive organisms is essentially the same whatever the infecting organism. This may conveniently be considered under three headings: (1) Treatment of the leptomeningitis; (2) detection and treatment of a complicating intracranial abscess; (3) treatment of the primary focus of infection.
(1) Treatment of Leptomeniingitis
We have recently described our methods in full (Smith et al., 1946) but the most important points in what we consider the basic treatment of meningitis mav be recapitulated. As a routine we use both intrathecal and systemic penicillin with sulphadiazine by mouth. Penicillin for intrathecal use is made up in a solution of 2,000 u./c.c. and given in doses of from 8,000 to 10,000 units. During the first thirty-six to forty-eight hours injections should be given every twelve hours but thereafter daily injections are usuallv sufficient. The efficacv of dosage and treatment should be checked by daily bacteriological examination of the C.S.F. and estimation of its penicillin content, which, in a few patients, reveals that penicillin escapes unusually quickly from the C.S.F. In these the frequency of injections can then be increased so that a bacteriostatic concentration is constantly maintained.
The easiest and safest way of giving the intrathecal injections is by lumbar puncture. About 6 c.c. of C.S.F. is withdrawn for examination, and the penicillin then slowlv injected. The injection should be frequently interrupted by aspiration of C.S.F. This insures that the needle is correctly placed and also dilutes and warms the solution. The lumbar route is only effective when the cerebrospinal pathways are patent. The earliest sign of their occlusion is a slowing in the flow of C.S.F. and difficulty in aspiration during the injection. This observation must be checked by repeating the tap in a higher space and using a wide-bore needle since if it is confirmed it is an absolute indication for giving penicillin either by the cisternal or, preferably, by the ventricular route.
The intrathecal penicillin is supplemented bv the oral administration of sulphonamides. Sulphadiazine, in doses of 12 grammes in twentv-fou-r hours, is at present the nreparation of choice because it diffuses freelv from the blood into the C.S.F. It therefore reaches all parts of the cerebrospinal pathways including any loculi that mav be inaccessible to the penicillin. It is given to suppress the virulence of the infection and thus to help maintain the patencv of the cerebrospinal pathways. In anv case of meningitis treatment with sulphadiazine should be begun immediately as this will tide the patient over the interval that may elapse before treatment with penicillin is started.
Systemic penicillin is given either by continuous intramuscular drip or by intermittent three-hourly injections. The minimal daily dose is 120,000 u. in twenty-four hours, but in certain cases, for example in the presence of a frank septicaemia, this should be increased as much as 320,000 in twenty-four hours. We have no evidence that systemic penicillin alone can cure meningitis and its chief value lies in the control of the primary focus of infection and of a complicating septicaemia or pyeemia.
The intrathecal penicillin must be continued for at least five days, for although clinical and bacteriological improvement is usually obvious after three days, the cerebrospinal fluid has probably not been completely sterilized. 10 of the 37 patients in this series relapsed even after a full intrathecal course, and from our experience, if less than five days' treatment is given the proportion that relapse increases. There is also the danger that the relapse may be fatal and uncontrollable. Relapse is most common within the first forty-eight hours after the last intrathecal injection but may occur even while the patient is receiving daily lumbar injections. When this happens, either the solution in use has lost its activity, or penicillin is not reaching the site of infection, or is escaping from the theca unusually rapidly. Two of our patients relapsed even when convalescence seemed assured, and in two others isolated positive cultures from the C.S.F. were obtained without any concomitant clinical disturbance. Sulphadiazine should be given during the period in which the intrathecal penicillin is withdrawn as it provides a safeguard against uncontrollable relapse.
In a relapse, rise in temperature and recrudescence of headache and malaise precede the reappearance of cells and organisms in the C.S.F. by as much as twenty-four hours. The treatment of relapse does not differ from that of the initial attack and in our experience the prognosis as regards life and functional recovery is not altered, provided that each relapse is promptly recognized and treated. We would emphasize the need for vigilance and persistence in treating the severe relapsing case, as a complete cure can be obtained even when the illness lasts over three months.
Relapse may be due to inadequate treatment or to reinfection of the meninges either from the primary focus or from a small intrathecal fibrino-purulent collection. In otogenic cases, is relapse an indication for opening the mastoid? In only one of our cases did this prove necessary. CASE II.-R.I. 5657/44. Reinzfectioni from the primary focuts (Smith et al., 1946, Case VI) .
A bricklayer aged 53 had a right mastoidectomy performed elsewhere following a six weeks' history of severe earache. The immediate post-operative course was smooth except that he developed a complete facial palsy, but ten days after operation he vomited, his temperature rose and he developed signs of meningitis. Lumbar puncture was performed and pneumococci (Type III) were grown on culture from the 'C.S.F. Treatment with sulphathiazole was at once begun and two days later he was transferred to Oxford. On admission his general condition was excellent and except for the complete right facial palsy there were no abnormal neurological signs. The mastoidectomy wound was healed and the ear was dry. Lumbar puncture revealed an almost clear C.S.F. containing only 160 cells but pneumococci were once more grown on culture.
He was then treated with intrathecal penicillin and sulphadiazine but systemic penicillin was withheld. His progress was uneventful but eight days after his last intrathecal injection he relapsed and cultures of the C.S.F. again became positive. He received a further course of intrathecal penicillin and sulphadiazine and again responded well. During convalescence he was seen by Mr. Livingstone who advised re-exploration of the mastoid and a facial nerve graft.
At operation it was found that the original operation had been incomplete. Mr. Livingstone's note states: "The antrum had never actually been reached. There were many mildly infected cells over the dura and lateral sinus. When the residual cells were removed, the sinus was found to be healthy, but in one place the dura of the middle fossa was covered with rough granulations, and lhese were thought to be the route of the entry of his meningeal infection". Cultures taken from this patch of granulations grew pneumococci.
The facial nerve was then freed from all residual cells and the defect repaired by a graft.
He made a permanent recovery from his meningitis and when seen a year later was free from symptoms except for a moderate right-sided deafness of middle-ear type. There was satisfactory recovery of the facial palsy.
The meninges more often become reinfected from a small intrathecal fibrino-purulent collection as in the following case: CASE III.-Reinfection from anl intrathecal fibrinio-purulent collection (Smith et al., 1946 , Case VII).
A regular soldier aged 39 developed pneumococcal meningitis secondary to a rightsided otitis media. Both the initial attack and a relapse were controlled by sulphapyridine but following the second attack he died from an inhalation bronchopneumonia.
Examination of the brain revealed a collection of pus within the right auditory nerve which was continuous with a tiny abscess in the lateral recess of the fourth ventricle ( fig. 1) 24, 1945 . About four weeks earlier she had caught a cold in the 'head and had had a slight -cough but this had not interfe.red wit-h her normal activities. At 8 o'clocek the evening before her admission she had been visited by her daughter-in-law, who noticed no signs of ill-health, but during the night she vomited and became drowsy though restless. By the foll-owing morning she was semicomatose with neck stiffness and photophobia and with a temperature of 102'F. She was forthwith sent to hospital.
On admission she was extrem-ely ill. She was stuporous but any attempt -at examination provoked outbursts -of silent struggling. Her neck was very stiff and Kernig's sign was positive. T-here were unequivocal sign-s of consolidation at the base of the right lung. Lumbar puncture showed an unusually purulent fluid (25,000 cells per c.mm.) which was swa-rming with pneumococ-ci. Blood culture was als-o -strongly positive.
Treatment was begun With intrathecal and intramuscular penicillin and sulphadiazine, but by the same evening t-he flow of C.S.F. was so -sluggish. t-hat bif-rontal burrholes were made and an intraventricular injection of penicillin given. Thereafter she steadily improved but on recovering consciousness wias found to be deaf in the ri-ght ear and to have rapid poorly -sustained nystagmus on looking to the left. S-he was also retentive of urine, and bot-h ankle-jerks were absent.
On the eleventh day, while she was still receiving daily lumb-ar injections~of peni-cillin. h-er temperature whic-h had previously fallen, r-ose suddenly to 103'F.; she complained of headache and her neck was again stiff. Lumbar puncture the same evening showed the cells of the C.S.F. had risen from 66 to 2,500 in ten hour.s. The frequency of t-he intrathecal injections was increased, and her symptoms subsided. This wa-s t-he first -of seven relapses, most of which followed attempt-s to with-hold intrathecal penicillin. No is not without its dangers. Of the four chief risks three are common to all cases of meningitis while the fourth is particularly apposite in those cases which follow infection of the ear or nose.
(1) The brand of penicillin must be suitable for intrathecal use. As soon as a nonirritating preparation has been secured it should be set aside for treatment of meningitis.
The best at present available is crystalline penicillin 2 (Glaxo Ltd.).
(2) Excessive dosage (40,000 u. or over at a single dose), especially when concentrated solutions are used, is capable of producing severe cerebral reactions, or, when given by lumbar puncture, damage to the cauda equina or gumming of the subarachnoid space. This last is particularly unfortunate as the most convenient route of access is then no longer available.
(3) There is a very definite risk of introducing secondary infection, especially when. frequent relapses demand a large number of injections. For this reason the penicillin solution should be put in small quantities and each container only used once. A strict aseptic technique in preparation of solutions and in lumbar puncture is imperative.
(4) There is a danger in doing repeated lumbar taps on any patient with high intracranial pressure. This is probably negligible except when the meningitis is complicated by an abscess, when it is considerable. This combination of meningitis and abscess is particularly common in cases secondary to infection of the ears or nose.
Finally the closest observation and the best of nursing care are essential to success (Smith, Day and Welch, 1946) . "You may hope to push the patient through, but to do so you must watch him hour by hour" (Watson, 1848) .
(2) The Detection and Treatment of a Complicating Intracranial Abscess Intracranial abscess and leptomeningitis are both well-known complications of otitis and sinusitis, and each has its own distinct symptomatology. Formerly we knew of cases where a cerebellar abscess was complicated by meningitis, and of others where a terminal meningitis and ventriculitis arose as a complication of abscess of the cerebral hemiispheres: But since we have been treating meningitis with penicillin we have met cases in which meningitis and intracranial abscess appear to develop together. The clinical picture may then be so dominated by the signs of meningitis that the abscess is not suspected until the patient, instead of making the expected response to intrathecal penicillin, becomes moribund from raised intracranial pressure. CASE V.-R.I. 25905/44. The patient, a child of 12, came under our care in the early days of penicillin therapy and before we were aware of this particular combination of abscess and meningitis. Thirteen days before she had been admitted to hospital elsewhere with an acute infection of the ethmoid and sphenoidal sinuses complicated by an orbital cellulitis. She was treated with sulphathiazole in doses of 6 grammes in twenty-four hours. The infection persisted and on sever;al occasions she vomited and complained of headache. After twelve days the ethmoid sinuses were curetted and the same evening she developed signs of meningitis. Lumbar puncture yielded a turbid fluid in which streptococci were identified and the day after operation the child was transferred to Oxford.
On -admission she was delirious and extremely ill, with marked meningeal signs. There were no focal signs except right-sided proptosis. Lumbar puncture was performed. The C.S.F. was purulent and the pressure well above 300 mm. of water. Q5 c.c. were withdrawn and 10,000 u. penicillin in 10 c.c. injected. After the needle was withdrawn, C.S.F. leaked through the skin puncture for several minutes in spite of firm pressure. Following lumbar puncture she rapidly grew worse and four hours later she died. Autopsy revealed a large abscess occupying the right frontal pole.
We have now seen 8 such cases of simultaneous abscess and meningitis: 4 were otogenic and 4 followed pan-sinusitis. Of the latter 4, in 3 there was a history of severe, acute sinusitis, while in the fourth the intracranial infection followed a chronic sinusitis with osteitis of the skull. In 2 there were signs of orbital cellulitis. Of the otogenic cases, in one no adequate history could be obtained; in one there was a six weeks' history of earache, the tympanic membrane was very thick and scarred with a small anterior attic perforation and offensive purulent discharge; in the third there was a definite history of previous attacks of otitis; and in the fourth the abscess developed in a pre-existing brain fungus. It is thus possible that the abscess really predates the meningitis, although clinically they appear to develop simultaneously. The clinical detection of a complicatiug abscess may be extremely difficult especially as in none of our cases was any definite papilloedema detected.
In our experience the most important clue in diagndsis is the bacteriology of the infection. In our 26 cases of pneumococcal meningitis secondary to ear and nose infections, only 2 were complicated by an abscess. By contrast, among 9 cases of streptococcal meningitis an abscess was present in 5. An abscess was also found in our one case of otogenic staphylococcal meningitis. This same correlation between the bacteriology and abscess formation is seen in our cases of meningitis from other sources ( fig. 2 A storekeeper of 47 was admitted to hospit,al as an emergency under the care of Mr. Livingstone. For the past fifteen years he had suffered from intermittent attacks of mild right-sided earache associated with a thin, watery discharge. Ten days before admission, the pain and otorrhea returned, but later the discharge ceased .and t;he pain became much worse. Twenty-four hours before admission he had a rigor and his temperature rose steeply.
On admission he was in considerable pain from his ear, his neck was a little stiff, and his temperature just over 100lF. The right external auditory meatus was filled with thick pus. Lumbar puncture revealed a cloudy fluid under a pressure of 240 mm. of water.
No organisms were seen on the films and cultures were sterile. Treatment with sulphadiazine was begun, and a few hours later a right radical mastoidectomy was performed, and an extradural abscess opened. The middle fossa was widely exposed until-healthy dura was found. The wound was closed with drainage. Following operation he steadily improved and nine days later began getting up. In the early hours of the tenth day the symptoms of meningitis returned with increased severity. The C.S.F. was found to be frankly purulent and to contain a number of strepiococci. By 2.30 p.m. he was delirious and very ill with gross meningeal.signs. No definite focal signs could be discovered on neurological examination. Treatment with intramuscular and intrathecal penicillin was begun but the lumbar C.S.F. was now so thick and the flow so sluggish that intraventricular injections were indic.ated. Accordingly bifrontal burrholes were made and the left lateral ventriele tapped. Here the pressure was found to be 500 mm. of water and about 30 c.c. of purulent fluid were withdrawrn. The right ventricle was only found with difficulty and appeared collapsed. In the light of later experiences this finding should have been interpreted as indicative of an abscess but this was the first of our cases of simultaneous abscess and meningitis, nor were we aware at that time of the prevalence of abscess in streptococcal infections. An intraventricular injection of penicillin was therefore given and nothing further was done. The patient died quite suddenly about six hours after operation, and autopsy revealed, in addition to the leptomeningitis, a large subdural collection of pus overlying the right temporal lobe and in relation to the dura over the tegmen tympani.
In order to detect this difficult group of cases the procedure should be as follows:
As soon as meningitis is suspected in a .patient who has well-marked signs of otitis or sinusitis he or his relatives should be questioned as to previous attacks and the patient then carefully examined for focal signs. A lumbar puncture is then cautiously performed, the initial pressure of the C.S.F. is measured and 4 to 5 c.c. slowly withdrawn. Cultures are set up and a Gram-stained film immediately examined. If pneumococci are recognized, and the C.S.F. is running freely, a lumbar injection of penicillin is given and the patient treated on the lines already described. If, however, streptococci are seen, an intracranial abscess should at once be suspected, and suspicion is greatly strengthened if the C.S.F. pressure. is far in excess of 300 mm. of water or if focal signs have been elicited.1 A lumbar injection of penicillin may be given at the time of the diagnostic tap, but the presence of an abscess must then be confirmed or excluded by ventricular estimation or ventriculography, since penicillin makes ventriculography safe even in the presence of an active infection.
If no abscess is found the meningitis is treated in exactly the same way as pneumo'-coccal meningitis. The sensitivity of the organism to penicillin should be assessed as some strains of streptococci are relatively resistant. Nevertheless we have not yet needed to exceed our usual range of dosage.
If an abscess is found it must be'dealt with surgically in order to prevent a fatal rise in intracranial pressure.
Cerebral abscess.
-If the rise in pressure is due to the actual accumulation of pus, rather than to cedema, the abscess should be aspirated and penicillin is then instilled into the abscess cavity. Thorotrast may be injected at the -same time, as it does not inactivate penicillin and facilitates subsequent management (Pennybacker, 1945) . A more concentrated solution of penicillin is indicated for instillation into an abscess cavity than is advisable for intrathecal injections, and we use a solution of 10,000 u/c.c. as opposed to our standard intrathecal solution of 2,000 u/c.c. The exact amount will to some extent depend on the size of the abscess cavity, but is usually 1 to 3 c.c. If there is abundant pus, aspiration will be enough to control the rise in pressure, but if only a small quantity can be aspirated, the intracranial pressure must be controlled by ventricular taps or drainage. If this too fails the patient will require a decompression over the abscess, as unless the rise in pressure is relieved he will die; but in the presence of meningitis wide opening of the dura should be avoided if possible since the raised intracranial pressure will produce great herniation with corresponding increase in destruction of the brain (Falconer and Russell, 1944; Holbourn, 1944) .
Subdural abscess.-A subdural collection of pus is dealt with by'the insertion of fine rubber catheters through suitably placed burrholes. Through these catheters, which are left open, pus is aspirated and ,penicillin instilled. The subdural space does not retain penicillin like the subarachnoid, and four-to six-hourly injections are therefore needed. The number of burrholes required varies, but in one of our successful cases no fewer than five had to be made in order to ensure access to the whole of the subdural collection. When the limits of the subdural abscess have been defined, two further burrholes should be made through which the intraventricular penicillin can be given without passing the brain needle through the infected area.
The concomitant lepto-meningitis is controlled by intraventricular injections of penicillin. These are begun when the diagnostic ventricular tap is performed and continued either by intermittent taps or, if the ventricle is being drained, by instillation through the catheter. The same scale and frequency of dosage is used as with lumbar injections, but unless the intracranial pressure has been adequately lowered by aspiration of the abscess or other means no attempt must be made to treat the meningitis by the lumbar or cisternal route. These are not only useless but highly dangerous. The pressure of the abscess distorts the subarachnoid channels at the tentorial opening and elsewhere, and may prevent the penicillin from reaching the ventricles or spreading upwards over the hemisphere (Cairns, Duthie, Lewin and Smith, 1944 In those cases of streptococcal meningitis where the patient's general condition is good, when there are no focal signs, or clinical evidence of an excessive rise in intracranial pressure, and where the C.S.F. pressure is under 300 mm. of water, it is probably justifiable to institute treatment by the lumbar route, provided the patient is closely watched for signs of rising intracranial pressure and provided also that full facilities exist for immediate ventricular puncture should the need arise. Even so an abscess may be missed. We have had 2 patients who fulfilled the above criteria and yet were later shown to have a small abscess. The danger signals are a progressive rise or fall in the pulse-rate, periodic respiration, and an increase in stupor. The need for constant observation cannot be exaggerated, and while the possibility of abscess exists these cases really demand the whole of the surgeon's time and attention.
Our experience with staphylococcal meningitis is very limited, but the fact that 2 out of our 3 cases have been complicated by abscess suggests that staphylococcal and streptococcal meningitis present similar problems. Now that penicillin is available the place of operation in treatment should be reassessed by otologists, and in this connexion our experiences in conjunction with our otological colleagues may be of interest. Our series of 21 cases of otogenic meningitis has been analysed according to the incidence and time of operation, the history, the -recovery rate and cause of death (Table II) . In 3 cases mastoidectomy failed to prevent the development of meningitis several days later, though in one the operation was admittedly incomplete. It is possible that a prophylactic course of systemic penicillin, given either alone or with surphonamides, over the period of operation might prevent the development of meningitis in such cases, since a protective action has been claimed for sulphonamides alone (Weinstein, 1942) .
Three patients had been operated upon at the height of the meningitis before they came under our care. In the 2 who recovered mastoidectomy preceded the institution of penicillin therapy by three days and three weeks respectively. In neither had it had any apparent effect on the meningitis which was already partially controlled by sulphonamides. In the fatal case mastoidectomy was performed immediately before penicillin therapy was begun. The During the next twenty-four hours there was little change in his general condition except that the rapid deterioration ceased. X-rays taken of his mastoids showed evidence of an acute mastoiditis on the right side. Twenty-four hours after treatment with penicillin was begun his temperature fell, and thereafter his recovery was rapid and complete. During his illness 'he was again seen several times by Mr. LivingMtone who was fully satisfied with the progress of the ear. When discharged from hospital, all the clinical and radiological evidence of infection had disappeared. When last seen, two years after the meningitis, there had been no recurrence of symptoms in the right ear, though a few weeks before this he had a mild attack of left-sided otitis media.
Thirteen patients had no operation. As soon as supplies of penicillin were adequate, all received from 120,000 to 320,000 u. daily by intramuscular injection, in addition to their intrathecal penicillin and oral sulphadiazine. This was continued until the active infection had subsided. Although there were four fatalities, in no case would the outcome have been altered by operation on the ear. One infant died a few hours after treatment was begun; here delay in instituting chemotherapy was the decisive factor. Two died from intracranial abscess and one from acute cerebral cedema. In the other 9 cases not only was recovery from the meningitis complete but there has been no return of the aural symptoms. Mr. Macbeth and Mr. Livingstone have seen most of these patients and, except in one (Case UI), they have not advised operation. Only 2 of these 9 cases relapsed, and in both the intrathecal course of penicillin had been incomplete. The following case is an example of control of the primary focus without operation.
CASE VIII.-R.I. 20891/44.
The patient, a schoolboy of 11, had always been a backward child. Three years earlier he had begun to suffer from recurrent attacks of right-sided otitis. From time to time he would complain of earache, then after a few days the ear would begin to discharge and the pain would cease. On May 14, 1944, he developed a cold in the head and a purulent discharge from the right ear. Fourteen days later he complained of headache, grew drowsy and restless, and his parents noticed that his head was retracted. These symptoms all steadily increased and after five days he was admitted to hospital elsewhere. A lumbar puncture was performed and haemolytic streptococci grown f.rom the C.S.F. Treatment with sulphathiazole was begun and the following day he was transferred to Oxford.
Eiamination at that time showed an ill, wasted child with spina bifida, but no cauda equina symptoms. He was semiconscious and at times would scream with pain from the intensity of his headache. Head retraction and opisthotonus were so marked that he had considerable difficulty in swallowing. Upward movement of the eyes was limited but no other focal signs were found on neurological examination. There was no mastoid tenderness but thick offensive pus, from which a Staphylococcus aureus was cultured, was welling through a perforation in the right tympanic membrane. X-rays of the mastoids taken three days later showed sclerotic bone with a few small cells and an opaque antrum.
Treatment with sulphadiazine and intramuscular penicillin was begun immediately.
In view of the possibility of a complicating brain abscess, the lateral ventricles were tapped through frontal burrholes. Both were found to be dilated which made the presence of an abscess unlikely. On culture, Staphylococcus aureus was grown from the ventricular and B. hcemolytic streptococcus from the lumbar fluids. Intrathecal penicillin was given by ventricular and lumbar injections and he made a slow but satisfactory recovery from his meningitis.
Mr. Macbeth saw this patient in acute phase of the illness and in view of our past experiences he thought it justifiable to await developments before advising operation.
This course was fully justified by subsequent events. Six days later the perforation -had healed and by the time t;he meningitis was fully controlled Mr. Macbeth declared himself satisfied with the ear. Follow-up studies during the subsequent eighteen months showed recovery both from the meningitis and the otitis to be complete.
Two patients were operated on during convalescence. The first was the patient on whom complete mastoidectomy was performed some weeks after a relapse of the meningitis (Case II). The second was a girl of 14 who developed an acute right-sided mastoiditis two months after she had apparently made a complete recovery from an attack of pneumococcal meningitis secondary to a mild right otitis media. Mastoidectomy was performed elsewhere, and a pure culture of Staphylococcus aureus grown from the pus.
Though the relation between the original otitis media and the mastoiditis is therefore uncertain, operation early in convalescence would have prevented the second attack.
Our successful cases in which no mastoidectomy was performed include examples of chronic otitis as well as of recurrent (Cases VII and VIII) and acute otitis. In every case the ease with which the initial attack of meningitis was controlled was approximately the same. Nor did the 6 patients who had had a mastoidectomy done before they came under our care respond better to treatment than those who had not. In fact, in I fatal case the stress of anaesthesia andioperation at the height of the meningitis probably prejudiced the patient's chance of recovery.
Though we have thus no evidence that operation is of value in treatment of the acute phase of the meningitis, it sometimes has a place in the treatment of the relapsing case. That the meninges can be reinfected from the primary focus is certain (Case II), but what is not known is how frequently this occurs. Evidence is accumulating that reinfection from an intrathecal fibrino-purulent collection (CaseIII) is the commoner mechanism. During treatment of a case of meningitis, whether otogenic or secondary to sinusitis, in which relapse follows relapse, the idea of an active primary, extrathecal focus which is constantly reinfecting the meninges is very difficult to resist. Nevertheless, in our experience, attempts to stop relapse by operative treatment of extradural sources of infection have been disappointing.
Whether early operation is necessary in order to preserve hearing is not a matter for us to decide. It is, however, interesting that while several of our patients have been slightly deaf on first recovering consciousness, in only 2 has this been permanent. In neither case was the meningitis otogenic and in both the deafness was of nerve type.
Our experience with penicillin thus suggests that mastoidectomy need no longer be performed as an emergency in cases of otitic meningitis. In this connexion it is interesting that work done on experimental pneumococcal infections in animals shows that general anaesthesia (alcohol, ether and avertin) inhibits the attivity of the leucocytes and allows the organisms several hours in which to multiply unchecked (Pickrell, 1938) .
Once the meningitis has been cured, whether mastoidectomy is still required, and whether this depends on the chronicity of the otitis, are questions which must be answered by the otolo4ist. It is likely that the answer may be most easily found from study of cases of otitis uncomplicated by meningitis. It is, however, clear from the observations made by our otological colleagues on cases in this series that, at least in the acute case, full recovery can be attained by systemic chemotherapy. In any case, the patient is dying not from the mastoiditis but from his meningitis. Prompt and adequate treatment of the meningitis must therefore take precedence over other therapeutic measures.
The treatment of acute sinusitis is less debatable. Adequate doses of penicillin can control the infection, even when this is complicated by frank osteitis of the skull. Even if this becomes reactivated after withdrawal of the systemic penicillin it can be dealt with at leisure after the meningitis is controlled.
When meningitis follows a fracture through the sinuses with tearing of the dura, the dural defect should be repaired as soon as the patient has recovered from his meningitis (Cairns, 1937) . Similar treatment is not so often required for fracture of the petrous bone with tear of the overlying dura.
RESULTS
In our 37 cases there have been 26 recoveries and 11 deaths ( fig. 3) (fig. 4) . The reason for this difference in the prognosis is apparent when the causes of death are considered ( fig. 5) . A complicating abscess is the commonest cause of death, and the combination of abscess and meningitis is most common in streptococcal infections. In our 6 fatal cases of pneumococcal meningitis, in 2 onlv was death due to abscess formation. Three patients died from delay in instituting chemotherapy, and 1, a traumatic case, from fat embolism while recovering from his meningitis. Although we have not vet been fortunate enough to cure a patient in whom meningitis and abscess followed disease of the ear, our successes with cases secondary to sinusitis encourage us in the belief that no patient is too ill to recover with chemotherapy and suitable surgical intervention.
SUMMARY
Otogenic meningitis and meningitis secondary to infection of the nasal sinuses are considered together, since the problems of treatment are similar. Such cases fall into three main groups: (1) Those in which no organisms are recovered from the C.S.F.;
(2) those due to organisms which are relatively or totally resistant to penicillin; (3) those due to penicillin-sensitive organisms.
A series of 37 cases (Table I) , of which all but one fall into the third group, is described. The predominating organisms were pneumococci and streptococci.
The basic treatment of purulent meningitis with penicillin is briefly recapitulated, the mechanism of relapse discussed, and the hazards associated with the administration of penicillin intrathecally are pointed out.
Eight cases have been encountered in which the meningitis was complicated by an intracranial abscess. Diagnosis of the abscess is difficult, since both abscess and meningitis appeared to develop simultaneously, but its detection and immediate treatment are imperative. This combination of abscess and meningitis is seen most often in streptococcal infections. In our total serics, out of 38 cases of pneumococcal meningitis, only 2 were complicated by an abscess, while out of 10 streptococcal cases, a concomitant abscess was present in 6.
The treatment of the primary focus of infection is discussed since the use of systemic penicillin demands reassessment of the place of emergency mastoidectomy in the treatment of otogenic meningitis. In 21 otogenic cases with 15 recoveries only 2 patients had a mastoidectomy at the height of the meningitis; 13 patients had no operation on the ear, and of these 9 recovered completely from both the meningitis and the otitis. In none of the fatal cases could mastoidectomv have saved the patient's life, and, in fact, operation with general anxesthesia may tip the scales against the patient when performed at the height of an attack of meningitis. Whether operation is still necessary once the meningitis has been controlled is a matter which must be decided bv the otologist.
In the present series of cases the results with pneumococcal have been better than with streptococcal meningitis owing to the frequencv with which the latter disease has been complicated by intracranial abscess.
Finallv we would like to thank our colleagues, Mr. Mlacbeth and Mlr. Livingstone, for allowing us to treat their cases, and for the help they have given us with our own cases.
gitis, that is, unassociated with other intracranial lesions such as brain abscess. Two of the 6 cases died, both had been sent in late.
The sulphonamides in acute otitic meningitis.-We give a course of sulphonamide in every case in very large doses. Until recently we used sulphamezathine, since with this drug the risk of renal complications is very small; but since Kremer, Phillips and Stanier (1945) showed that it was most difficult to obtain with it an effective concentration in the cerebrospinal fluid we have used sulphadiazine, with which the concentration has been shown to reach 60 to 80% of the blood level. We have not yet experienced renal crystallization or agranulocytosis. We g've a dose of 5 grammes and continue with 3 grammes four-hourly for the first twenty-four hours, followed by 2 grammes four-hourly for a week, when we allow one to two days to elapse without sulphonamide before beginning another such course, if this is thought advisable. When a sulphonamide is used alone-and it must not be forgotten that meningitis may result from a penicillin-resistant organism-the risk of sulphonamide poisoning must be balanced against the risk of a fatal ending in these grave cases. Following the lead of Mr. Norman Dott we have deliberately taken this risk. I know of one patient in whom, over a period of three weeks, a total of 318 grammes was administered, with final recovery; that is, an average dose of 2¼z grammes every four hours throughout.
There were some excellent results in pre-penicillin days in streptococcal infections. One case of chronic otitis media -shich sustained a fracture through the petrous bone had acute meningitis with pus under the temporal fascia. Recovery was rapid after sulphonamide administration and a mastoid operation.
Penicillin therapy.-Our intrathecal doses have hitherto been generally not more than 40,000 units daily, but I shall increase the dosage' in the light of what has been said, particularly now that the drug is available in an increasingly pure form. Penicillin reactions have occurred in a few of our cases: several patients complained of pain in the feet, which disappeared when the intrathecal injections were stopped. This we ascribed to an irritation of the cauda equina. Two cases ran a mild temperature, which fell at once to normal when the drug was withdrawn. Intraventricular penicillin is given when there are signs of a cerebrospinal fluid block, but patients with obstructive hydrocephalus, sent to the neurosurgeon late, do badly; treatment must be prophylactic, early. For instance, a girl of 8 was admitted from a fever hospital. She had papilloedema, bilateral sixth and right seventh nerve palsies. Ventriculograms showed a large hydrocephalus; the fourth ventricle was dilated, but the gas had failed to pass into the cisterna magna or forward along the base. She died sixteen days after admission; intrathecal, intraventricular and systemic penicillin was powerless to deal with the obstruction at the foramina of Luschka and Magendie.
But these foramina arp small in size, and there are cases where, in the absence of signs of cerebrospinal fluid block, penicillin given intrathecally may be much less effective than when given by the ventricle. We have only very recently begun to estimate the cerebrospinal fluid bacteriostatic level, but the result is not available immediately, and it would seem wise to begin ventricular adminstration as soon as the sample of fluid has been taken, without waiting for the result. Here is a case which illustrates the importance of giving intraventricular penicillin in the apparent absence of obstruction. A girl of 7 was admitted a week after an acute head injury. There were a cerebrospinal fluid otorrheea and a staphylococcal meningitis. Under systemic and intrathecal penicillin she continued to run a temperature for three weeks, with varying, but often high, cerebrospinal fluid cell-count, while her general state deteriorated. Finally, when the count rose to 2,400, ventriculography was done. This disclosed ventricles which were normal in size, without any evidence of obstruction throughout the cerebrospinal fluid pathways. Intraventricular penicillin was started at once and the temperature fell to normal two days later; recovery was uneventful.
Reaction to intraventricular penicillin. -Johnson and Earl Walker (1945) describe the case of a boy of 22 months who was given a dose of 50,000 units by this route. He became unconscious and so collapsed that his blood-pressure could not be estimated. Three hours later he had a generalized convulsion, and this latter was repeated, without loss of consciousness, when he was given another injection three days later. In the case of the little girl just described there was likewise a considerable degree of collapse, without any convulsion; fortunately this is the only example we have had in our series. It is to be anticipated that such disturbances will become less frequent as the drug becomes available in purer form.
Cisternal penicillin.-Little need be said about administration into the cisterna magna.
Its place must be very limited indeed. Speaking as a neurosurgeon, I know I should much rather inject the drug into a ventricle than try to tap a cisterna magna in a child with pronounced opisthotonos. However, I have notes of one case of pneumococcal infection in which a spinal block developed, and which made an excellent recovery with intracisternal penicillin.
Systemic penicillin.-Systemic administration is a most important part of the treatment of these cases; the difficulty is to know how long to continue the drug by this route; usually we play for safety and continue possibly longer than we need to. But we must not exaggerate the efficacy of systemic penicillin in acute meningitis or agree with Reese (1944) when he states that intrathecal penicillin is never necessary, since the drug is excreted into the cerebrospinpal fluid in bacteriostatic concentration when the choroid plexuses are:-rendered more permeable by the disease. As the work of Professor Cairns and his associates has shown, in pneumococcal meningitis only traces of penicillin appear in the cerebrospinal fluid after the systemic injection of even very large doses.
I agree with Professor Cairns that operation on the infected ear should not be carried out in the acute phase of the meningeal infection before this is under control. In systemic penicillin we have a most potent weapon in the control of the spread of the infection from the primary focus to the meninges, and we must exploit it to the full. Operation under general anmesthesia may well turn the scale against recovery; and operation under local anaesthesia must be extremely difficult in a restless, delirious patient. But reinfection of the meninges may readily occur, and if operation is indicated it should be carried out as soon as acute infection has been overcome, while the patient is still on his initial course of systemic penicillin.
Rigid asepsis in intrathecal and intraventricular administration is of extreme importance.-In the past three years I have treated three cases of staphylococcal meningitis following lumbar puncture. Two of these followed spinal anaesthesia, and there were two deaths in this small series.
Mr. R. G. Macbeth said that Dr. Honor Smith and Professor Cairns had asked him to comment on the otological aspect of their communication. It was obvious that with the coming of penicillin therapy otologists must accept a greatly changed outlook on the question of when or even whether they should open mastoids in the presence of otogenic meningitis. One thing which did emerge was that the mastoid operation need no longer be a matter of great urgency. One could safely delay doing a mastoid operation until the meningitis was under control, and the patient ,therefore more fit for operation.
In acute cases it seemed necessary only to do the simplest operation productive of drainage of the middle-ear cleft. Where the ear was discharging already, no operation might be needed; where there was no discharge, a myringotomy might suffice. Penicillin did not sterilize pus inside an abscess cavity, but it would aid the resolution of an inflammatory process within a draining middle-ear cleft. A patient who had an extradural abscess in the middle or posterior fossa was an exception to that rule, and it was probable that one could get a hint about such a case from careful attention to clinical signs. For example, such a patient might complain of persistent pain and tenderness behind the ear in spite of adequate chemotherapy, and continue to have otorrhoea and cells in the cerebrospinal fluid.
Relapsing cases of meningitis seemed to be commoner with nasal-sinus infections than with mastoiditis, as one would expect from a consideration of the connexions between the nasal sinuses and the subarachnoid space.
It seemed likely that operation would be called for in almost every case of meningitis due to chronic otitis. It was difficult to imagine that a sufficiently high concentration of penicillin could be delivered to deal with the primary focus in dhronic bony disease.
Mr. T. B. Layton said that no distinction had been made in the paper presented by Dr. Honor Smith between chronic ear disease and acute inflammations of the middleear cleft. In every paper dealing with an otological subject that distinction must be made. The two diseases were as distinct clinically, bacteriologically, and therefore pathologically, and in their response to treatment, as were acute peritonitis and tuberculous peritonitis.
He disagreed with Mr. Paterson that it might become unnecessary to operate on the acute ear, but that operation had still to be done on the chronic ear. He had made the planned experiment of retraining trom operating in meningitis of an acute ear because he thought that a condition of the heart was the dominating lesion which would forbid a general anaesthetic to be given. The patient came out of the meningitis but relapsed. He then had operated, but the patient died. He would find it a very grave responsibility to refrain rom removing that factory of organisms which was down against the dura mater. There was a distinct difference in disease of the ear and the sinuses. One was a'disease of bone, contiguous with which was the perio,teum-the dura mater, and therefore the spread from one to the other was easy and rapid; the other was an inflammation of a mucous membrane separated from the cranial cavity by two layers of periosteum and an intervening piece of bone, and all one could do was to drain that cavity, if one knew exactly from which of the half dozen or so channels it was spreading through to the meninges.
Mr. E. Musgrave Woodman said that those working so extensively on penicillin were to be congratulated on the change that had taken place in the prognosis of pneumococcal meningitis. He had always been taught that pneumococcal meningitis was an incurable disease.
Why was it that penicillin seemed so impotent to control a migrating streptococcal abscess in the brain?
As to whether they should operate on an acute mastoid which was accompanied by meningitis or brain abscess, they had all been taught that the primary focus should be removed when consequential complications arose. But these patients were very ill, their margin of safety was low, and a little thing would tip them over the border. In the best interests of the patient it might be that a simple drainage without eradication should be carried out.
Mr. C. P. Wilson said that probably those cases which developed symptoms associated with a cerebral abscess were more likely to go to a neurosurgical unit than to an otologist. In his 8 cases of otitic meningitis there had been on[y one death, and that was in a pneumococcal case. 3 cases had grown a haemolytic streptococcus, and all had recovered.
Intrathecal dosage.-He had discussed this with Professor McIntosh, pathologist at the Middlesex Hospital. Originally these cases were given 2,000 units per c.c. intrathecally according to the amount of cerebrospinal fluid removed, but lately they had been using as much as 50,000 units in otitic and non-otitic cases. He queried this amount with Professor McIntosh, because he felt it was much more likely to produce a local reaction with fibrinous exudate, but Professor McIntosh's opinion was that these cases often had fibrinous exudate without penicillin, and he (Professor McIntosh) thought that the amount of exudate was not greater with penicillin, but it so happened that the patients lived instead of died. Apart from that, any complications which arose were not serious. In this series they had had only two complications: One patient had a paralysis of the median nerve which was now recovering, and another had symptoms of petit mal. Thus the disadvantage of using very large doses of penicillin intrathecally did not seem to have been particularly borne out in Professor McIntosh's cases at Stoke.
Mr. L. Graham Brown said that four months ago he had a case of acute mastoiditis, a flare-up on a chronic infection. He carried out a complete mastoidectomy. The patient did very well for three weeks and then developed a facial palsy. He reopened the wound and cleaned up the infection still present. Since the pyrexia and headache continued he carried out a cerebrospinal examination and found about 800 cells present. He called in a neurologist, who, however, could not locate anything intracranially. The patient was put upon sulphonamide treatment and penicillin systemically. He did very well, the wound healed up completely, the temperature fell, and the patient left the hospital. A month later, however, he returned with further symptoms, and he referred him to the neurologist. He (Mr. Graham Brown) suspected that the patient was suffering from a sphenoidal abscess, but his hand was stayed by the neurologist. He was ready to operate, but before any further information could be elicited the patient died. At post-mortem a temporosphenoidal abscess was found.
This case was interesting from the point of view of the relationship between the otologist and the neurosurgeon and neurologist. It was obvious that the otologist had a little difficulty in carrying out completely all those difficult tests and treatments which the neurosurgeon was now making his own. He desired to ask Professor Cairns if he did not agree that, in those cases where brain abscess or an intracranial complication was suspected accompanying meningitis, the neurosurgeon should take charge. He was one of those otologists who thought that these cases were really getting beyond their range of full responsibility.
Mr. Terence Cawthorne said that a contribution from outside was always welcome at that Section particularly when it carried with it the experience of the Neurosurgical Department at Oxford. Penicillin had quite clearly altered in some respects their views of otogenic meningitis. He desired to ask whether there was any likelihood of systemic penicillin being able to be a substitute for intrathecal medication. These constant lumbar punctures were a source of trouble and possibly a danger. He had seen two cases of meningitis secondary to lumbar puncture, both in cases in which spinal anaesthesia was carried out, and the organism in each case was B. pyocyaiwus. Mr. H. V. Forster said that only a few days ago he had been asked to examine a man who had recovered from acute purulent meningitis associated with a history of inflammation in one ear. Intrathecal and systemic penicillin had been successfully given. At his, Mr. Forster's, examination, the middle-ear disturbance was found to have subsided and the drumhead to be intact.
In earlier days before sulpha and penicillin therapy, one expected to see few cases recover from meningitis, complicating an acute primary otitis media.
In acute inflammation of the middle-ear cleft, he had always felt that early drainage through its bony walls should be withheld and would like to support Mr. Cawthorne's views on the pathology of this type of infection.
In chronic otitis media with an exacerbation, complicated by meningitis of markedly purulent type, it had not been unusual in earlier days to see recovery after eradication of the primary focus of disease, assisted by lumbar puncture. Perhaps a certain degree of immunity had been developed through the years of chronic infection. In such cases, the possibility of a complicating brain abscess would confront the otologist who need not fear to explore for it with the serum needle and a syringe to provide suction to draw off the pus. He had great confidence that if the abscess cavity were entered by the needle, pus would not refuse to be drawn into the barrel of the syringe. He did not think that to explore through the roof of the operation cavity in this way gave any serious risk of infecting healthy brain tissue and the resulting instrumental trauma was not greater than that following the puncture in ventriculography.
Fatal cases of otitic brain abscess followed to the post-mortem room rarely showed an undrained loculus but a condition of spreading encephalitis.
Was there any evidence to show that penicillin was able to control the advance of the encephalitis?
The President said that this interesting discussion could be summed up by saying that certainly penicillin did hold out the hope of helping cases which were hopeless in the past. It had also demonstrated( the need for co-operation between the otologist and the neurosurgical units, and they were very grateful to Oxford for setting such an outstanding example of this.
Professor Hugh Cairns, who replied on the Discussion, said this subject had reached a stage at which the pathology of the primary focus had become of urgent clinical interest. The use of modern antibiotics in any field of pathology raised individual problems peculiar to that field, and the question of the infection of the mastoid and petrous bone was no exception to this rule. Neurosurgeons and other people working at Oxford had been drawn closer to the otologist over the use of penicillin than they had ever been before. He thought particularly of the cases of pneumococcal meningitis where relapse occurred. The patient got cured of one attack of pneumococcal meningitis and then got another, and this sequence might go on for months, and they found themselves badgering their otological colleagues to come and tell them whether there was a primary focus in the ear which was still active and whether it ought to be operated on, rather hoping that they would say "Yes." That was just one example of the type of thing with which they were now confronted. Patients who got an attack of pneumococcal meningitis did not seem to become more immune, at any rate not for a long time. Relapses, of which there might be eight or nine in one case, were just as severe as the initial attack. If each attack of meningitis were treated as patiently and energetically as the first, and the surgeon in charge did not lose heart or allow the nurses to lose heart, success would be achieved and the patient would in the end cease to relapse.
There was a great field here for the otologist to work out precisely the degree to which penicillin could help him in the treatment of mastoid infection and also in its prevention in cases of otitis media.
